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Description 

The oresent invention relates to novel vitamin D 3 derivatives that have calcium control action and the 
abiiit/ to SSSn tumor cells and which are useful both as ™^m°r *gerte^ 
s mSnL for theTeatina calcium dysbolism-caused diseases such as osteoporosis and [osteomalacia. 

relates to such vitamin D 3 derivatives having a substituent at 2(S- 

903 While manv vitamin D 3 compounds are known In the art, they are generally classified as nata rally 
occurs v3 mKSSc^W 25-hydroxy vitamin 1a,25-dihydroxy vitamin 0, and 1^4,25- 
to SSo^ vSnS) and their synthetic analogs <e.g. 1a-hydroxy 

and a variety of fluorinated vitamin D 3 compounds) see for example ^^^^.^^^^T 
f^2 893 Amona these known vitamin D 3 compounds, the naturally occurring 1o,2WIhydroxyvitamin D 3 
Sd a^tn^S side chain attached to 17-posltion of vitamin 0, £ fl «^»^^ ~ 

SSI^uoro-la^Wihydroxy vitamin D 3 have a strong calcium control action and are useful in treatment* 

16 rf ' W ||XuS^ the synthesis of 1o^a dihydroxy<holecaliciferol which has Improved vitamin 

° ^e f8 sSSlS e a* variety of vitamin D 3 derivatives, the present Inventors have found • M CHt-bi 
vltamih D, derivatives having a substituent at 2-position especially at 2^posrboa exhibit a strength 
20 comparable to 1a25-df hydroxy vitamin D, In terms of the un vivo calcium control action. 

The 1a-hydroxy vitamin D 3 derivative having a substituent at 2p-posrtion Is represented by the 
following formula (I): 
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(I) 



where R, is a hydroxy! group, an amino group or the group OR' (where R' is a lower alkyl group which may 
or may not be substituted by a hydroxy! group, a halogen atom, a cyano group, a lower alkoxy o.roup, an 
amino group or an acylamino group); and R 2 is a hydrogen atom or a hydroxy! group. 

Examples of the lower alkyl group represented by R' in formula (I) are branched- or straight-chain alkyl 
groups having 1 to 7 carbon atoms, and these alkyl groups may be substituted at a desired position by a 
hydroxyl group, a halogen such as bromine or chlorine, a cyano group, a lower alkoxy group having 1—3 
carbon atoms, an amino group, or an acylamino group. ' 

The la-hydroxy vitamin D 8 compounds of the formula (I) are novel and may be synthesized by the 

following pr^edures^^ ^ 1f5f7 ^holestatrien-3p-ol 8 nd 4-phenyl-1,2,4-triazollne-3,5-^one Is prepared 
from cholesterol or 25-hydroxy-cholesterol according to the description in JF— Ar-84555/1975 and 84560/ 
1975" 

2) the cyclized adduct is converted to a 1a,2a-epoxide (compound 1 ) having the formula shown below: 




(1) 



(where R 3 is a hydrogen atom or a hydroxyl group; and Ph is a phenyl group); 

3) the epoxide (compound 1) Is reacted with a nucleophlllc reagent, such as an alcohol, of the formula: 
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R'OH (where R' is the same as defined above) ' I \^J^y l j^ s «n! en * P resence °^ an 8C ^ c^'Y 3 * sucn 88 
p-toluenesulfonic acid to obtain a compound of formula (II). 
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obtain compounds of formula (I) wherein Rj is a W^w**** f b subjecting said 

S^MSSSSSSSZISS zssssszvs* »! -M*. — «* 

triazoline ring. - 

"•^JESS^ — found to have the ca.cium contro. action and the ability 

to Induce differentiation in tumor collaDY the following expenments. 

(A) Calcium control action ilB __ 50 „ warB f eQ - piet 1 1 and delonized water under 

i) Male weanling Spraque Dawley rats ^W^^^^JSJ^^ prepared in Example 4), end 
an ""candescent lampfbr3weete.^ecompoun^ (n were 

So (1966> and Biochem. J., 65, 709 (1957). The results are shown in Table 1. 

Table 1 
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Compound 


Dose 


Calcium 
in plasma 
(mg/dl) 


Inorganic 
p in plasma 
(mg/dl) 


EtOH only 


0-5 mg/kg 


4.796±0.207 


9.403±1.517 


Compound of 
Example 4 


6.25 ug/0\5 ml/kg 


5,916±0.323 


8.533±0.687 


12.5 vg/0.5 ml/kg 


*** 

6.058+0.551 


8.503±1.387 


la,25-(OH) 2 -D3 


1.25 Vg/0.5 ml/kg 


** 

5.463±0.290 


* 

7.561*0.477 


2.5 yg/0.5 ml/kg 


★ * 

5.506±0.324 


9.066±1.906 
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p<0.001, **: P<0.01, *: p<0.05 
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II) The same rats as described in I) were fed in the same ,™^ r « "wft'lnd two control, 1a- 
Two compounds of the present invention f"££^lL££W£J£ administered orally to the 

in I). The results are shown In Table 2. 

Table 
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Compound 


Dose 


Calcium 
in plasma 
(mg/dl) 


Inorganic 
P in plasma 
(mg/dl) 


MCT only 


1 mg/fcg 


4.263*0.235 


7.48840.933 


Compound of 
Example 4 


6.25 ug/ml/kg 


5.55240.912* 


8.713±1.648 


Compound of 
Example 6 


6.25 ug/ml/kg 


8.093*0.648*** 


7.04040.595 


IC1-OH-D3 


6,25 ug/ml/kg 


4.798*0.582 


7.77640.682 


25-OH-D3 


6.25 ug/ml/kg 


5.682±0.364*** 


9,11540.647** 



*■**; p<0.001, **: p<0.01, *: p<0.05 
(B) Induction of differentiation 

Hum 0 a^ h Smyele^ro 9 ?eukemia cells (HL-60 cell iine) were cultured in an RPMI-1640 medium 

medium, ethanol solutions of the compound obtained in Example 4 and control 1a;hydm^^mln D» 
were added In such a mannerthatthe ethanol concentration in the liquid medium was 0.1 ^Up^addTJion 
of the compound of Example 4 and the control, the HL-430 cells were found to dMarartrta . nto 
macrophage-like cells by morphological observation on 3 days. The percentage of the HL-60 cells that 
underwent differentiation was determined by counting their number. 

At least 60% of the HL-60 cells treated with the compound of Example 4 In do>« of the •oj^o* 
10 -«L_10- 7 M were differentiated into macrophages, suggesting that said compound had a differentiation- 
inducing ability comparable to that of the control la-hydroxy vitamin 0 S . 

il) NBT-reduced cell Induction ability ^. ^, __- . „- , c Amn! T _ th _ 

To HL-60 cells, the compound prepared as in Example 4 was added for a penod of 4-5 days. To the 
treated cans" TPA l2-0-tetradecanoylphorbol-13-acetate) and NBT (nitro blue tetrazoHum) were added in 
re^-vefl^ 

of the HL-60 cells that were differentiated into macrophages and reduced NBT » form formaran was 
determined. Both the compound of Example 4 and the control 1a-hydroxy vitamin D, exhibited a 

differentiation-inducing ability of 95% upwerd in a dose of 10 M. 

The following examples are provided for the purpose of further Illustrating the present Invention and 
are by no means intended as limiting. 

Example 1 

tan nSZHhS£l£2?mniikirarTi3 (0.871 mmol) of the 1a,2o>epoxide compound 1(R 2 -H) was ^Jved)n4ml 
of dry tetrahydrofuran. To the solution, 10 ml of methanol and 35 mg (0.184 mmol) of p-toiuene sulfonic 
acid were added and the mixture was heated under reflux for 5 hours. To the cooled mixture, ethyl acetate 
was added and the organic layer was washed successively with water, an aqueous solution of sodium 
hydrogencarbonate and water. After drying over magnesium sulfate, the solvent was aistrfled off. The 
residue was subjected to silica gel column chromatography and eluted with chloroform containing zo* 
(v/v) acetone, producing 240.2 mg of the end compound. 

NMR spectrum 6 (CDCIJ: 0.80 (3H, s), 0.93 (3H, s), 3.43 (3H, s), 4.65 (1H, m), 6.07 and 6.33 (2H, AB, 

J=7.0 Hz), 7.28 (5H, m) 

b) Preparation of 2P-methoxy-5,7-cholestadiene-1a,30-diol: 
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A mm <*» -» or u, ^-^^jSS^*«^ 7 «SSX^™fe 
diol and 4-phenYl-UAtriazoline-3^Ione pre^red in a) ^oiwo ( addition ^ 60 mg 

an argon atmosphere and the Ml 2™5SSTl hour. To the Ice^ooled reaction 
(158 mmol) of lithium aluminum W' id °-£°™^™£ZT^ dropwise under agitation to quench 
s. mixture, a saturated aqueous solution of «* u «Kln under suction and thetetrahydrofuran 
excess lithium aluminum hydride. The 9 el J^ ™ m *^^„ ^ ethvl acetate, washed successively with 
was distilled off. The residue -was Mto > J^Sm^aSi'nm solvent was distilled off and the 

iSEKEXSJ^ e,ution ^ ch,oroform ' 86 mfl 

ro end compound was-obtained. 

UV spectrum (nm): 292, 281, 270, 262 (ah) 

c) Preparation of 1a-hydroxy-2p^etho^ v^min IT^: obtained in b) was 

Eighty-six milligrams (0.20 mmol) of the 2 f m ,!^^'Z^ h0 ^Xa In an argon atmosphere, the 
dissolved in .400 ml of ethanol of fl«^^^™ t KX 

solution was Irradiated for 3 minutes by a 200 W mercury '^P ^"^J^^^hydrofuran, and the 
of the solvent under vacuum, the residue was, .ssolved in 10ml <* ™^™ u |ed off ,* d ^ W as 
mixture was heated under reflux fori h ^ r -^*°"" g ^20^a^cia Rne Chemicals). Upon elution 

obtained as an oil. 

UV spectrum XgST (nm): 263.5 
Mass spectrum <m/e): 430 (M+), 412, 398, 380 150 

Example 2 

so W, g^SSSS^ oSSfir adduct of 2p.ethoxy- 5 ,7-cho.estadiene-1^Mioi and 4^heny«-1^ 

» l!ublequently treated as in Example la) to give 172 mg of the and compound. 
NMR spectrum S (CDCI a ): 0.80 (3H, s) 

mmmwmm 

compound. 

UV spectrum ASS 4 (nm): 293, 281, 271, 262 <sh) 

NMR spectrum (CDCI 3 ): 0.62 (3H r s), 0.81 (3H, s), 1.05 <3H, t), 3.68 <2H, q), 5.31 and 5.67 (2H, AB, 
J=6.0Hz) . . n 

c) Preparation of 2P-ethoxy-1a-hydroxy vitamin D 3 : * bm# *h ac in 

Tlie 2MthoxY-67-cholestadIene-1a^p.diol (60.1 m fl , or 0.135 mmol) obtained in b) was treated as In 
Example 1c) to obtain 10.5 mg of the end compound. 

UV spectrum ASS 1 (nm): 264 

ss Mass spectrum (m/e): 444 (M + ), 426, 398, 380, 150 

Example 3 

eo ^Z?^?™^ by repeating ^procedures of Examples la) thru c, exceptthat the 
methanol used in Example 1a) was replaced by isobutyl alcohol. 

UV spectrum Agg 4 (nm): 265 
6S Mass spectrum (m/e): 416 (M*), 398. 380, 150 
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Example 4 

' a ^^« m TXe^% 2P .(2-hydroxyet h ox yW ,7-cho. eS tad.ene-1a3Mlo. and 4- 
phenyl-1 ,2,4-triazoline-3,5-dione: 

(2H; AB; J=9;0 Hz), 7.29 (5H, m) 

ett^'a^o^nSnTn^S *<X> acetone, proving 213 mg of the end compound wh.ch had 
the same physical data as those of the compound obtained to «• 
20 J M?HWf^^-SS^ «n I) or N, of a) above was 
tmatXTExa'mpteTb, ££« m.TdryleTrahydrofuran and 333 mg (8.77 mmol, of lithium aluminum 
hydride. The end compound was obtained in an amount of 173.2 mg. 

UV spectrum Xg£ H (nm): 293,5, 281.5 r 271, 2G2 (sh) 
26 NMR spectrum (CDCI,): 0.55 (3H, s), 0.83 (3H, s), 0.91 <6H, s), 5.30 and 5.62 <2H, AB f J-6.0Hz) 

c) Preparation of 1a-hydroxy-2-(2-hydroxyethoxy) vitamin D 3 ^M^jtm qa Hint nhtainpd 

A portion (173 mg, or 0.376 mmol) of the 23.(2-hyd ro xyethoxyj^J-cholestadlene.1a3P-dIot obtained 
in b) was treated as In Example 1c) to produce 39.9 mg of the end compound. 

30 uv spectrum X£™ (nm): 262.5 

Mass spectrum (m/e): 460 (M*), 442, 398, 380, 150 

FT — NMR spectrum (CDCIJ: 0.55 (3H, s), 0.86 (6H, , * W, ■ ^^^^^J^^JS} 
3.65^3.90 (1H, m), 4.23 (1H, m), 4.37 (1H, d, J=8.4 Hz), 5.09 (1H, s), 5.49 (1H, s), 6.04 (1 H, d, J-12.6 Hz), 6.37 
M (1H,d, J=12.6Hz) 

Examples 5 to 10 

The compound listed below were obtained by repeating the procedures of Example la) thar c) except 
that 51 Snol used in Example 1 a) was replaced by ethylene ^mohydn^ 
glycol (Example 6), 4-methyl-1,4-pentanedlol (Example 7), ethylene cyanohydrin (Example 8), water 
(Example 9) and 1,4-butanediol (Example 10). 

Example 5 

2(H2-bromoethoxy)-1a-hydroxy vitamin D 3 
UV spectrum ASS 4 (nm): 264 

Mass spectrum (m/e): 446 (M + -Br), 428, 400, 382, 134 

so • Example 6 

1a-hydroxy-2p-(3-hydroxypropoxy) vitamin D 3 

UV spectrum A£ST (nm): 263 
sb Mass spectrum (m/e): 474 (M + ), 456, 398, 380, 1 50 

Example 7 

1a-hydroxy-2p-{4-hydroxy-4-methYlperrtoxy) vitamin D 3 
so UV spectrum ASST (nm): 263 

Mass spectrum (m/e): .517 (M*+1), 500, 398, 380, 150, 83, 59 

Example 8 

65 2p-(2-cyanoethoxy)-la-hydroxy vitamin D 3 



EP 0184 206 B1 

UV spectrum AST ^m): 262 
Mass spectrum (m/e): 469 (M + ), 416, 398, 380, 150 

Example 9 

1a,2B-dlhydroxy Vitamin D» 

UV spectrum X^ST (nm): 263 

Mass spectrum (m/e): 416 (M*>, 398, 380. 150 

Example 10 

1a-hydroxy-2B-(4-hydroxybutoxy) vitamin D, 

UV spectrum \S2T (" m ) ; z63 - 5 

Mass spectrum (m/e): 488 (M*), 470, 452, 150 

Example 11 

2B-(2-N*cetylaminoethoxyMa+ydroxy Jftarrdn 

a) Preparation of lo£a^poxy^,7<holestadiene^p-oii. Pvamole la) was dissolved in 100 

A portion (2.05 g, or 3.57 rnmo ih S^^lffSS^S^ 80lution was 
ml of dry dimethylformamlde. After addition °' ^ .^si mmoij or^p _y h ice water 

heated on a bath (90-1 00-C) for 10 [^^ r ^^°^^^Say^ water and dried over 
and subjected to extraction wrth ethyl; acetate. ^"S^Effi™ ESSE was subjected to silica gel 

1.29 g of the end compound. 

UV spectrum (nm): 290, 279, 269, 261 (sh) 
NMR spectrum (CDC.,): 0.63 (3H. s). 0.82 (3H, s), 0.91 (6H, s), 5.36 and 5.66 (2H, AB, J=6.0Hz> 

b) Preparation ^^t^^W^^^^o^^^l obtained In a) was 
A portion (397 mg. or 0.998 m™*}* n *° SSSSSSK: After addition of 2-N-acetylaminoethanol 

dissolved ln8ml of drytatrahydrofurar. a "iS« *S mbrtuVeTo 2 ml of boron trlfluoride etherate was 
(3 ml),me mixtures sti^ room temperature, followed by 

re^T^ 

^SSaSf SSSJ SSftS - oSSS5Sf « <3H. a), 0.90 (6H, s, 2.07 (3H, s), 3.34 (2H. m>. 

in b)^^ate?asln Example 1c) to obtain 6.96 mg of the end compound. 
UV spectrum h%SF (nm): 262.5 

Mass spectrum (m/e): 458 (M*-Cri 3 C0). 440, 398, 383, 150, 43 

Example 12 

^T^P^^S^er adduct of Zp-azido-S^.ho.estadlene-lcS^io. and 4-pheny.-1^ 

mmmmmm 

cSlumTchromatography and eluted with chloroform containing 20% (v/v) acetone, to gnre 81 .9 mg of the 
end compound, 

' ^SSSSbSJI SU s), 0.90 (3H. ^6.15 and 6.33 (2H. AB, J-8.0 Hz,, 7.33 (6H, m, 
b) Preparation of 2p-a^no-5»7-chole8tadiene-1a,3Mio^ 
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The Diels-Alderadduct(81.9mg, or 0.133 mmol) obtained in a), 10 ml <* d ^1^hydroftran and Wmg 
(ZM iXSSK^ aluminum hydride were treated as in Example lb) to produce 39.5 mg of the end 
compound. 

5 UV spectrum ASSMnm): 292.5, 281, 271, 262 (sh) 

L^^rffibSSS SflW. a), 0.83 <3H, a,, 0.92 (6H. a,. 6.37 and 5.59 (2H. AB, 

j=aoHz) f 

10 C ) Preparation of 20-amino-1o>hydroxy vitamin D 3 : . ae , n 

The 2&mino-5J-Solestad!ene^3p^l (39.5 mg, or 0.0095 rrimol) obtained in b) was treated as In 
Example 1c) to produce 6.28 mg of the end compound. 

UV spectrum Agg 4 (nm): 266 

Mass spectrum (m/e): 416 (M++1), 400, 382, 367, 134 

Examples 13 and 14 . 
Compound 1 (R 2 =0H) which had been prepared from 25-hydroxycholesterol was treated as in 
20 Example la), b) and c) to produce the following compounds. 

Example 13 

1a,25-dihydroxy-2p-(3-hydroxypropoxy) vitamin D 3 
2B UV spectrum Agg 4 (nm): 263 

Mass spectrum (m/e): 490 (M*), 472, 454, 59 

Example 14 

30 ia^5-dIhydroxy-2p-(2-hydroxyethoxy) Vitamin D 3 
UV spectrum XgK 4 (nm): 262 
Mass spectrum (m/e): 476 (M + ), 458, 440, 59 

35 

Claims 

1. A 1a-hydroxy vitamin D 3 derivative of the formula I: 
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where R. is a hvdroxvl group, an amino group orthe group: OR' {where R' Is a lower alky! group having 1 to 
7 Son mK^TJ not be substituted by a hydroxyl group, a halogen atom . i cyanc .group a 
lowerllkoxy group having 1 to 3 carbon atoms, an amino group, or an acylamlno group); R a Is a hydrogen 

^^^o^omd^B^ising to Claim 1 which is represented by the formula: 



65 



8 



EP 0184 206 B1 



10 



20 



25 



30 



35 



40 



45 




OR* 



16 where R* and R' have the same meanings as defined In Claim 1 1 . 

3 A compound according to Claim 1 which is represented by the formula: 




where R 2 Is the same as defined in Claim 1; r% is a hydroxyl-substituted lower alkyl group having 1 to 7 

^^"a compound according to Claim 1 to 3 wherein R a is a hydrogen atom, 
c a eomnound aceordina to Claim 1 to 3 wherein R a is a hydroxy! group. 

I A £35* a 1a-hyd~xy vitamin D, derivative of the formula I according to cla.m 1 by 

illuminating a provitamin D 3 derivative of the formula: 



(where R, and R a are the same as defined above) with ultraviolet radiation, and subjecting the irradiated 
so ^'rt^ZZ^X^^s of the formu.s « according to Cairns 1 to 5 for use as a 
^T^cl^K derivative oftheformute .according to ciaimel to 5 for use .nthetreatment 

°* ^gTAIa-hydroxy vitamin D a derivative of the formula I eccording to claims 1 to 5 for use in the treatment 
55 of calcium dysbolism-caused diseases. 



Patentanspruche 

1. Ein 1a-Hydroxy-Vitamin D 3 -Derivat der Forme! I: 
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